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Abstract: In this paper we report the peripheral functionalization of amine-terminated second 
generation poly(amidoamine) (PAMAM) with 9-anthracenecarboxalehyde and the preparation of 
dendrimer-encapsulated metal salts.  The interesting different behaviors of these hybrid materials 
were observed by fluorescence and UV-Vis spectra. 
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Dendrimer nanocomposites (DNCs) are organic/inorganic hybrid materials, composed of 
nanosized particles, which display unique physical and chemical properties due to the 
dispersion interactions between the inorganic guest and the organic macromoleculars 
hosts at the atomic or molecular level1.  It has been reported that the metal atoms should 
originally form and appear at the same location, where they were bound to the dendrimer 
structure even though they might undergo redistribution in the polymeric phase of the 
hybrid nanoparticles2,3.  The catalytic selectivity could be controlled by manipulation of 
the dendrimer periphery4.  A number of efforts have been devoted to the study on the 
coordination behavior between metal ions and the dendrimers in aqueous solutions3,5-10, 
especially for poly(amidoamine) (PAMAM) dendrimers and their derivatives.  And it 
has found that the components, the generation of dendrimers and the extents of 
protonation of the imines in the dendrimers are the key reasons for coordination.  
However, the coordination behavior in organic solutions has not been explored in details 
yet11,12.  Because of good coordination capacity of low generation dendrimers5a,13, here, 
we report the first synthesized peripheral-functionalized amine-terminated second- 
generation PAMAM with 9-anthracenecarboxalehyde in the formation of Schiff base, 
such that the products have an excellent solubility in organic solution.  The role of 
different metal centers and ligands in coordinating with the dendrimers in CHCl3 were 
examined by using the fluorescence and UV-Vis spectroscopy.  By carefully choosing 
proper concentration of [metal salts] / [dendrimer] to form ideal dendrimer nano- 
composites, our study provided an experimental basis for the design of suitable 
dendrimer nanocomposites used as tailored catalysts for advanced materials14. 
                                                        
∗ E-mail: hpxia@xmu.edu.cn 
Xu Min HE et al. 1252 
Experimental 
 
9-Anthracenecarboxalehyde (AND) was used as received from Acros Chemical Co. 
Fluorescence spectra were recorded on a RF-4500 fluorescence spectrophotometer. 
Absorption spectra were recorded on a DU-7400 UV-Vis spectrometer.  PAMAM was 
synthesized, purified and characterized according to a literature procedure15.  
A solution of 2G-PAMAM( 0.164 g, 0.115 mmol) in CHCl3-CH3OH (55 mL, 10/1, 
v/v) was added into the solution of AND in CHCl3 (0.165 g/50 mL) under N2.  After 
stirring for 24 h at 50℃, the solvent was partially evaporated.  Then the product was 
precipitated by adding 40 mL of ether.  The solid was filtered and washed with ethanol 
and distilled water.  The final product was isolated as a yellow solid (yield, 68%), which 
is soluble in CHCl3.  1H NMR (500 MHz, CDCl3, δ ppm): 2.01-3.81 (m, 112H, CH2 
from G2-PAMAM), 7.8 (s, 12H, -CONH-), 7.36-7.5 (m, 72H, 8×9 aromatic protons from 
AND), 8.27 (s, 8H, -CH=N).  MALDI-TOF: m/z 2932, which fit the calculated value. 
The solution of 2G-PAMAM-AND (1.8×10-5 mol/L in CHCl3) was mixed with 
different equivalents of metal salts (1.6×10-2 mol/L in acetonitrile), and the resulting 
solutions were kept at room temperature for 24 h. 
 
Results and Discussion 
 
Excitation of 2G-PAMAM-AND in CHCl3 at 345 nm resulted in four emission bands at 
395 nm, 420 nm, 443 nm, and 465 nm, with the maximum emission intensity (Imax) at 
443 nm.  In our experiments, we found there was no significant change for the bands of 
395 nm and 420 nm.  The position of the maximum emission intensity will be discussed 
later, which changed from 443 nm to 465 nm during the course of coordination, and we 
assigned the change of the position of Imax as ‘∆λ of Imax’. 
We chose SnCl2, CuCl2 and Cu(NO3)2 to study the influence of different metal 
center and ligands (Figure 1).  In Figure 1A, three spectra are shown in which 4 
equivalents of different metal salts (dissolved in acetonitrile) were added.  There was 
little change in the spectrum after addition of more than 2 equivalents of SnCl2/CH3CN 
(Figure 1B-b), and its Imax kept at 468 nm.  In curve Figure 1B-c, we found that the Imax 
gradually shifted from 443 nm to 466 nm.  No significant change in fluorescence 
spectrum was observed at the beginning of the addition.  However, the Imax shifted to 
466 nm after adding more than 3 equivalents of CuCl2/CH3CN, while the band of 443 nm 
started to disappear gradually.  There was little further change in the spectrum after 
adding 6 equivalents of metal salts.  In curve Figure 1B-d, the spectrum changed 
immediately when Cu(NO3)2/CH3CN was added.  The position of its Imax shifted from 
443 nm to 466 nm, at the same time the ex-Imax at 443 nm began to disappear gradually.  
When more than 4 equivalents of metal salts were added, the spectrum did not change 
any more.  In control experiments, it was found that the addition of CH3CN did not 
affect the fluorescence spectrum of the dendrimer. 
From these spectra, we found that the fluorescence of 2G-PAMAM-AND was more 
sensitive to SnCl2 and Cu(NO3)2 than to CuCl2.  Its Imax (at 443 nm) changed promptly  
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The fluorescence spectra were: (a) 2G-PAMAM-AND in CHCl3, (b) SnCl2/CH3CN in 
2G-PAMAM-AND/CHCl3, (c) CuCl2/CH3CN in 2G-PAMAM-AND/CHCl3, (d) Cu(NO3)2/CH3CN 
in 2G-PAMAM-AND/CHCl3.  

















    
These UV-Vis spectra were: (a) pure 2G-PAMAM-AND in CHCl3, (b) SnCl2/CH3CN in 
2G-PAMAM-AND/CHCl3, (c) CuCl2/CH3CN in 2G-PAMAM-AND/CHCl3, (d) Cu(NO3)2/CH3CN 
in 2G-PAMAM-AND/CHCl3. 
 
with the addition of these two metal salts, and in the case of CuCl2, it only showed a 
clearly red-shift.  We found that the ligands played an important role in the coordination, 
which was not discussed before. 
UV-Vis spectra confirmed the above observation: Figure 2A illustrated the UV-Vis 
spectra of 2G-PAMAM-AND/CHCl3 before (a) and after (b-d) the addition of 4 equiva- 
lents of metal salts (in acetonitrile).  In Figure 2A-a there existed three bands at 355nm, 
373 nm, and 389 nm, respectively.  The red-shift of the last band caused by different 
metal salts revealed the same trends as their corresponding fluorescence data, although 
little difference occurred at Cu(NO3)2 as shown in Figure 2B. 
Based on the above experiments we conclude that not only the metal center but also 
the ligands play an important role in the coordination to the dendrimer.  We find that 
among SnCl2, CuCl2 and Cu(NO3)2 studied in the present work the influence amount of 
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SnCl2 is the smallest (2 equiv.), because its acidity is the lowest; whereas the influence 
amount of CuCl2 is higher (6 equiv.), because its acidity is higher.  We infer that SnCl2 
only coordinated strongly to the 2 dendrimer tertiary amine groups in 2G-PAMAM-AND/ 
CHCl3.  Due to the formation of the multidentate complex between Cu(NO3)2 and 
2G-PAMAM-AND, the influence of the amount of Cu(NO3)2 in 2G-PAMAM-AND/ 
CHCl3 is not the largest ( only 4 equiv.), even though its acidity is the highest.  This is 
in line with the conclusion made by Yamamoto12and Diallo9a, et al., who showed that the 
coordination behavior of the dendrimers was originated from the differences in the 
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